The problem of estimation of finite population mean on the current occasion based on the samples selected over two occasions has been considered. In this paper, first a chain ratio-to-regression estimator was proposed to estimate the population mean on the current occasion in two-occasion successive (rotation) sampling using only the matched part and one auxiliary variable, which is available in both the occasions. The bias and mean square error of the proposed estimator is obtained. We proposed another estimator, which is a linear combination of the means of the matched and unmatched portion of the sample on the second occasion. The bias and mean square error of this combined estimator is also obtained. The optimum mean square error of this combined estimator was compared with (i) the optimum mean square error of the estimator proposed by Singh (2005) (ii) mean per unit estimator and (iii) combined estimator suggested by Cochran (1977) when no auxiliary information is used on any occasion. Comparisons are made both analytically as well as empirically by using real life data.
Introduction
The successive method of sampling consists in selecting samples of the same size on different occasions such that some units are common to samples selected on previous occasions. In successive sampling, the ratio estimator is among the most commonly adopted estimators of the population mean or total of some variables of interest of a finite population with the help of an auxiliary variable when the correlation coefficient between the two variables is positive. Patterson (1950) and Cochran (1977) suggested a number of estimation procedures on sampling over two occasions. Rao and Graham (1964) , Gupta (1979) , Das (1982) , Sen (1971) developed estimators for the population mean on the current occasion using information on two auxiliary variables available on the previous occasion. Sen (1972, 1973) extended his work for several auxiliary variates. Singh et al. (1991) and Singh and Singh (2001) used the auxiliary information on current occasion for estimating the current population mean in two occasion successive sampling. Singh (2003) extended their work for h-occasions successive sampling.
Utilizing the auxiliary information on both the occasions, Singh (2005) , Singh and Priyanka (2006 , 2007a , 2008 proposed varieties of chain-type ratio, difference and regression estimators for estimating the population mean on the current (second) occasion in two occasion successive sampling. Singh (2005) suggested two estimators for population mean using the information on an auxiliary variable in successive sampling over two occasions. Consider a character under study on the first (second) occasion is denoted by x(y) respectively and the auxiliary variable z is available on both the occasions. A simple random sample (without replacement) of n units is taken on the first occasion. The suggested chain-type ratio estimator based on the sample of size m   n  common to both the occasions is given by 
The bias B(.) and mean square error M(.) of T2 up to the first order of approximation and for large population of size N of equation (1) After optimizing  and  (sampling fraction), the optimum mean square error of the estimator T is given by Singh (2005) , in the present work we propose a chain ratio-to-regression estimator for estimating population mean on the current occasion using auxiliary information that is available on both the occasions. The behaviour of the proposed estimator have been examined analytically and also through empirical means of comparison.
Proposed estimator
Consider a population consisting of N units. Let a character under study on the first (second) occasion be denoted by x(y), respectively. It is assumed that the information on an auxiliary variable z is available on the first as well as on the second occasion. We consider the population to be large enough, and the sample size is constant on each occasion. Using simple random sampling without replacement (SRSWOR) we select a sample of size n on the first occasion. Of these n units, a sub-sample of size mn  is retained on the second occasion. This subsample is supplemented by selecting SRSWOR of u (n m) n     units afresh from the units that were not selected on the first occasion. By modifying the estimator in (1), we propose a chain ratio-to-regression estimator for Y on the second occasion which is based on a sample of size m common to both the occasions and is given by The bias of the proposed estimator p T up to the second order of approximation as obtained in Appendix A is: 
where  is an unknown constant to be determined under certain criterion. 
and
where, from Cochran (1977) 
4. Minimum mean square error of (8) is a function of unknown constant  , therefore, it is minimized with respect to  and subsequently the optimum value of
Now, substituting the value of  opt in equation (8) we obtain the optimum mean square error of
Using equation (5) and (10), let
Optimum replacement policy
To determine the optimum value of µ (fraction of a sample to be taken afresh at the second occasion) so that population mean Y may be estimated with maximum precision, we minimize mean square error of 
From equation (14), it is obvious that the real value of  from (14) in (13), we have
Comparison of mean square error and efficiency
Now we compare the optimum MSE of the proposed estimator (Cochran, 1977) when no auxiliary information is used at any occasion. In each case, we obtain conditions under which the estimator 1 p T is better than the three estimators mentioned above.
(i) Comparison with Singh's (2005) estimator.
First, we consider the estimator
which is due to Singh (2005) . The variance of this estimator, to the first order of approximation and for large population, is given as
The variance of T is minimized for to  , the optimum value of  (fraction of a sample to be taken afresh at the second occasion) is given by
The proposed combined estimator 1 p T is better than the combined estimator proposed by Singh (2005) T is a better estimator than Cochran's (1977) estimator whenever equation (17) As an example, the percent relative efficiency of the proposed estimator Further, the expression of the optimum  , i.e.
' 0  and the percent relative efficiencies E1, E2 and E3 are in terms of population correlation coefficients. We assumed that all the correlations involved in the expressions of  , E1, E2 and E3 are equal, i.e. y is also increasing. Further, it may be noticed that the maximum gain in efficiency occurs while comparing it with mean per unit estimator, which is very obvious.
Illustration using real life data
In order to illustrate the comparison of relative efficiency of the proposed estimator with respect to (i) T, the estimator proposed by Singh (2005) , (ii) (Cochran,1977) when no auxiliary information is used on any occasion, using real life approach, the data from the Census of India (2001) and (2011) y with maximum gain in efficiency occurring while comparing it with mean per unit estimator, which is very obvious.
Conclusion
In this study we have proposed a new chain ratio-to-regression estimator in successive sampling. The bias of the proposed estimator was computed up to the second order of approximation. The optimum replacement policy of the sampling fraction was obtained and considering bias up to the first order of approximation, the optimum mean square error of the proposed estimator was also obtained. The optimum mean square error of the proposed estimator was compared with that of Singh's (2005) estimator and it was found that the proposed estimator is always better than Singh's (2005) estimator. Further, the proposed estimator was compared with mean per unit estimator and Cochran's (1977) estimator when no auxiliary information is used on any occasion. It was found that the proposed estimator is better than both of these estimators for 0.5  , which is entirely justified. An example was considered by assuming different values of 0.5  to illustrate the above facts. At the end, a real life study was also done to demonstrate that the proposed estimator is more efficient than the other three existing estimators. Hence, the proposed estimator is recommended for further use. Y+ε S +ε 
